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Metacognition Training through Think-Aloud Pair Problem Solving [TAPPS]
What kind of environment works best for problem solving?
As in all educational settings, students need a safe and comfortable environment where distractions are kept at a minimum so that students may focus their attentions on their own and on each other’s learning.  There should be enough space so that people don’t feel crowded or claustrophobic.  Sitting at and around tables, working at whiteboards or blackboards, moving from a seat to stand at a board or to observe what someone else has written on their pad of paper, are all activities that lend ease to discussion and problem solving over extended periods of time --- up to several hours comfortably.  

Of course, “safe” environments are not solely described as those places where accidents are less likely.  For students to be safe they must feel safe.  In the context of problem solving, this means that each student feels valued as a member of the group, that their contributions are considered important, that their presence is demonstrably appreciated, and their absence noted by students and genuinely regretted.  

But the significance of a “safe” environment is not to create a positive and non-judgmental venue simply to feel good about oneself.  Rather, the safe environment permits questioning and critical thinking that pushes students to deeper understanding and to excellence.  Optimally, the cost is in effort, not in self-esteem.   While there are many subtle and not-so-subtle factors that influence group behavior, there are some very powerful techniques for facilitating a respectful social environment where individuals learn effectively.

What is “think-aloud pair-problem solving”?

One effective model for cooperative problem solving is the pair problem solving method of Whimbey and Lochead (1986) which is itself modeled after the clinical interviews used by Piaget (1971).  The approach requires that one student solve a problem by reading it aloud to the other student (the listener) and verbalizing all thoughts on the problem as they occur.  The problem solver does all the writing and all of the talking about the problem. Meanwhile, the listener must suspend solving the problem him/herself so that complete concentration and attention is devoted towards understanding the problem solver's solution.  The problem solver is responsible for articulating all ideas as they occur, whereas the listener has a somewhat more difficult task.  The following instructions to the listener were developed for students in the course: 

Instructions to the Listener:

The “Do’s” 

· Listen carefully, ask the speaker to repeat statements if needed, or to slow down.  

· Encourage vocalization, ask, "What are you thinking?" and "Can you explain what you are writing?"  

· Ask for clarification, for example, "What do you mean", and "Can you say more about that?"  

· Check for accuracy by asking the solution to be restated for clarity. 

The "Do Nots" 

· Do not give hints.  

· Do not solve the problem yourself. 

· Do not tell the solver how to correct an error.

By encouraging students to verbalize their thoughts, they are forced to examine their ideas as they communicate.  They must evaluate those ideas in the light of another person's interpretation of what they are saying.  Requests for clarification and repetition often help students to catch and correct their errors as well as helping to reinforce ideas that they may have held only tentatively.  By exchanging roles of problem solver and listener, students have the opportunity to learn the related skills of problem solving aloud and listening for meaning.

A Role for Teachers:

Classroom teachers should also use the clinical interview method.  By assuming the role of the listener, the teacher promotes active thinking through the use of questioning strategies which require students to reflect on their thought processes.  Four such strategies are (Confrey, 1985): 1) ask students to discuss their interpretation of the problem, 2) ask the students to describe precisely their methods of solution, 3) ask students to defend their answer and their solution, 4) ask students to retrace the steps in their solution so as to review the process they engaged in to solve the problem.   The student-teacher interaction is characterized by the focus on language used by the student and by the teacher's acceptance of the student's vision of a solution path.

In addition to listening to students, teachers occasionally should model expert problem solving for their students.  Students rarely see experts (even among their peers) solve problems, much less hear them solve problems aloud.  By describing one's thought processes aloud, teachers demonstrate both the process of thinking aloud and their thought processes with all of the dead ends, mistakes, and corrections which characterize real problem solving. 

What does the TAPPS classroom look like?

Upon entering a classroom where pair problem solving occurs, an observer would notice students seated haphazardly in small groups of two to four students, conversing and sometimes arguing with one another.  Several students may be working together at the blackboard.  In fact there may be more than one group of students working at the board simultaneously.  The scene is active.  It appears anarchic because no one person seems to be directing the activity.  Actually, the teacher continuously manages the classroom through constant observation and questioning.  

It is most important that the teacher ask the listener in a pair to describe what the problem solver has done and thought.  This is a very different focus than concentrating all of the instructional attention on the problem solver.  By insisting that the listener describe the solution process, the teacher can be sure to involve all of the students in the class.  If the listener cannot describe the problem-solver’s solution, then he/she should be directed to listen to the solution again until they are prepared to describe it.  The teacher should move to another pair, and return to this pair in a few minutes when the listener is prepared to discuss the solution.  Usually, the confusions that initially occurred are cleared up, and the teacher can listen to give ratification that the ideas expressed make sense.  Or, if the ideas expressed don’t make sense, then the teacher should ask questions, again to the listener, so as to clarify confusing statements.  These questions are also of the type, “could you describe your reasons for saying that ….”   

What are some of the problems that arise in pair problem-solving?
· The problem-solver and listener roles break down, and both people solve the problem.

While the pair-problem solving method is most successful in keeping students on task and learning when the roles are clearly defined and maintained, it is not uncommon for both students in the pair to work together to solve the problem.  This is generally not too interfering, but the teacher ought to be sure to identify whose ideas are mainly being expressed, and then make sure that the other person in the pair does the explaining.  At least, this insures that everyone is paying attention and actively participating.  

· Some students want specific partners, and some want none.

Since students are together in a course for months, everyone should be encouraged to partner with everyone else at least once.  Afterward, students will pair together in whatever way works best for them.  This should be tolerated so long as no one who wants to be included feels isolated.  In those instances, the teacher should have three students work together where there is one problem solver while the other two listen.  Again, the roles should circulate problem after problem to all members of the group.  

Those students who prefer to work alone should be permitted to do so.  There are many reasons that students prefer to work alone; chief among them is that this is how they have always studied in the past.  However, it is important to draw them into the group by having them describe their solutions.  If they are reluctant to do so, it is helpful for the teacher to listen to their solution described individually.  Upon reaching agreement with the student’s solution, it is important to give ratification and then request the student to state the same solution to another student or pair of students.  Finally, the same student may be asked to offer the same solution to the group in a few minutes.  Usually, the reticent student becomes much more communicative once they know they are on the right track and can contribute without being embarrassed.  On a later occasion, that same student may be willing to pair with one of the students they described the solution to the previous meeting.

· The students are on the “wrong track” or they are “stuck”.

The greatest temptation for a teacher is to take over the solution process.  This inclination must be resisted.  Giving a solution, and especially giving an answer, is a sure signal to the students to stop thinking.  Rather, ask the students to describe what they have thought about the problem so far.  Ask for responses and suggestions from the other students.  Ask pointed and directive questions if necessary, but do not solve the problem for the students.  Remember, the group problem solving process forces students to articulate their ideas to one another in a manner that causes students to explore their own understandings.  In their attempt to explain their solutions, and to defend against argument, students develop representations, analogies, extreme instances, contradictory evidence, etc., all to express their understanding.  All of these activities require that the conceptual web of understanding grow in the number of meaningful relationships observed in the problem solver's own thought processes as well as in the thought processes of their listeners by appealing to ideas the listeners are willing to believe.  Consensus is critical, and can only be truly achieved when the voice of authority is withheld as long as possible.  The teacher should respond with curiosity, openness, flexibility, and acumen to a changing and challenging classroom environment.  The experience is always enlightening, mostly fun, and usually permeated with good humor.
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“River Systems 1”: A Lesson on Watersheds and Streams 

Prerequisite:  This lesson follows a brief review of the water cycle and water budget. 

Time: It is best to allow two short periods or one block period for this lesson.


Concepts: 

Watershed formation and topography (watershed, divides, gradient, tributaries)
Stream formation:  erosion and stream piracy (conglomeration)

Land around streams: Beds, Banks, and Channels

Land in streams (stream loads) suspended load, bed load, dissolved load
Exploration [the section of the lesson that informs you, the teacher, about what the students know and believe about river systems]:
Materials and Instruction: [Students work in pairs with crayons and large butcher block paper]

Instructions to students:  

“Draw an aerial view of a river and stream system.  Label North, South, East and West.  You may include as many streams and rivers as you like.  Also include any additional features that you think are important, such as mountains and hills, trees and forests, rocks and boulders, houses, bridges and roads, etc.  Finally, please note the direction of the flow of the water with arrows.”
As students are working on their illustrations, circulate through the room monitoring student work and asking the reasons for their particular features of their illustrations.  After about 8 minutes, place the following questions on an overhead projection for students who are finished with their illustrations.
What is the difference between a stream and a river?

Does one flow into the other?  How?

How does a stream form?  Can streams develop on totally flat plains?  What would you call a stream that did develop on a plain with depressions but no tilt?

When a stream forms, does it usually get bigger or smaller over time?  Does it get bigger at the bottom of its flow or the top?  Why?

What is in a stream? What is on the sides of streams?  What do you find under a stream?
Over a long time, would more streams develop or would fewer streams develop and why?  Where would they develop, upstream, downstream, all throughout the stream?

Which do you think flows faster; a river or a stream?

Does a stream or a river always have to be above ground?  Why or why not?

.
Invention:  [The section of the lesson where students learn the concepts and the scientific language for the concepts that define the science content]
Instruction:  Having already identified those students whose illustrations make for excellent discussion, ask them beforehand to share their drawing and their reasons for their drawing with the class and at the front of the class.  They may do this together as a pair and with at least five minutes advance warning.  At the end of each presentation ask the class if they have any questions for the presenters.

After three or four pairs have shared their illustrations, ask if there are any other volunteers from the class who would also like to share.  Again ask for questions from the class.  Without giving any indication about whose illustrations are best or better, ask students to read in their text the sections about river systems [sample included here].  They should follow their reading with a paired discussion about the illustrations they drew, how they would change them, and how they would answer the questions on the overhead [placed on the overhead again].  
There will also be discussion and questions regarding the reading itself.

Sample Reading: 

Sager, R.J.; Ramsey, W.L.; Phillips, C.R.; Watenpaugh, F.M., (1998). Modern Earth Science. New York: Holt, Rinehart and Winston, 247-249.  
13.2 River Systems

A river system is made up of a main stream and all the feeder streams, called tributaries, that flow into it.  The land from which water runs off into these streams is called the drainage basin, or watershed, of the river system.  The ridges or elevated regions of high ground that separate watersheds are called divides. 


A river system begins to form when local precipitation exceeds evapotranspiration.  The soil in the area soaks up as much water as it can hold.  Gravity causes water that cannot soak into the soil to move downslope as runoff.  When runoff moves across the land surface, it picks up and carries away weathered rock.  


The force of the water running across the land surface may erode a narrow ditch, called a gully.  The runoff from nearby slopes tends to flow into the gully.  Each time rain falls, the water moving through the gully erodes the gully further, making it wider and deeper.  Eventually, these processes --- precipitation, downslope movement of water and rock particles, and erosion of the land --- will form a fully developed valley with a permanent stream.

Stream Erosion

The path that a stream follows is called its channel.  The main stream and its tributaries form a network of channels that drain the watershed of the river system.  These channels lengthen and branch out at their upper ends, where runoff first enters the streams.  The process of lengthening and branching of a stream is called headward erosion.  Headward erosion carries away sediments from the slopes of a watershed at the upper end of a stream.  Erosion of the watershed slopes extends a river system, which, in turn, extends the area of the drainage basin.

Headward erosion also can enlarge a river system through stream piracy.  Stream piracy is the capture of a stream in one watershed by a stream with a higher rate of erosion in another watershed.  In this process, the captured stream drains into the other river system.  Stream piracy extends the area of land drained by the capturing stream.

Channel Erosion

The edges of a stream channel that are above water level are its banks.  The part of the stream channel that is below the water level is its bed.  A stream gradually becomes wider and deeper as it erodes its banks and bed.  Various factors affect the rate at which a stream erodes its channel.

Stream Loads

As a stream flows, it carries more than just water.  The stream also transports soil, loose rock fragments, and dissolved minerals.  The materials carried by a stream are called the stream load.  The stream load has three forms --- the suspended load the bed load, and the dissolved load.  The suspended load consists of particles of fine sand and silt.  The velocity, or speed, of the water keeps these particles suspended, and they do not sink to the stream bed.  The bed load is made up of larger, coarser materials, such as coarse sand, gravel, and pebbles.  This material moves by sliding, by rolling, and by saltation, or short jumps.  The dissolved load is mineral matter transported in liquid solution.


Although all three forms of stream load contribute to stream erosion, the bed load has the greatest effect.  As rock fragments are carried along, they scrape the bottom and sides of the stream channel, wearing it away.  Therefore, streams with large bed loads erode their channels more quickly than those with small bed loads.  Large rocks are sometimes scraped over one area of the stream bed in a whirlpool motion.  This scraping creates a bowl-shaped cavity called a pothole, like the one shown in Figure 13-5.

Discharge and Gradient

The discharge and velocity of a stream, as well as its load, affect how a stream cuts down and widens its channel.  The volume of water moved by a stream in a given time is its discharge.  The faster a stream flows, the higher is its discharge and the greater is the load it can carry.  A swift stream carries more sediment and larger particles than a slow-moving stream carries.  Hence, swift streams erode their channels more quickly than slow-moving streams do.

The velocity of a stream depends mainly on its gradient, or the steepness of its slope.  Gradient is the change in elevation of the stream over a given horizontal distance.  The gradient of a stream varies along the stream channel.  Near the headwaters, or the beginning of a stream, the gradient is steep.  This area of the stream generally has a high velocity, which causes rapid channel erosion.  As the stream nears its mouth, where the stream enters a larger body of water, its gradient often becomes gentle.  Its velocity and erosive power decrease.  The stream channel eventually is eroded to a nearly flat gradient by the time it reaches the sea.

Discovery: [the section of the lesson where the students’ understanding is challenged with questions that apply the concepts or confront the concepts with compelling and credible arguments from misconceptions on the topic]
Activity:  [Keeping students in pairs] Present students with photocopies of topographical maps.  They may need some instruction about how to read these maps.]

Ask students to identify at least four watersheds and streams.  

Ask students to circle an area of the map where they think a stream is likely to form.  
Circle three streams and identify the direction of flow of the water in the streams.  Where did the water come from?

Circle an area of the map where you might best camp for several days (where the ground is flat enough for a tent and for a campfire, where the water is best to drink, and where you think the fishing might be good).

Why did lakes form where they did?  How did they get there?  Why didn’t they flow into a stream or river?

[Note, in your discussions with students ask them questions using the scientific language as well, such as “Where is the gradient the greatest?  The least greatest?  Where are the headwaters to your streams?  What kind of loads do you think are in each of your streams?  Which, if any, of your streams tributaries?  Etc.]

Challenging Questions:

After a stream has developed and flowed for a long time, does it make the land around it steeper or less steep?
Why is it that even though streams carry their loads I can drink them, yet I can’t drink ocean water that doesn’t flow like streams at all?  Come to think of it, why are the oceans so salty when streams and lakes are not?

Where do lakes and ponds get their water, and why don’t they all flow out into streams?
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“River Systems 2”: A Lesson on Rivers; Channel Erosion and Stages 

Prerequisite:  This lesson follows the previous lesson on watersheds and streams. 

The focus is shifted from the creation of streams and rivers to the interrelationship of topography, waterflow, and deposition of soils to alter both the riverbed and banks as well as the land surrounding the channel.

Time: It is best to allow two short periods or one block period for this lesson.


Concepts: 

· Stages of rivers as a function of shape and erosion more than of time

· Water volume and sediment deposits as a function of time, erosion, and gradient 

· Changing topography and the motion of river banks; meanders, flood plains, and oxbow lakes
· Flow vectors as a representation of current
Exploration [the section of the lesson that informs you, the teacher, about what the students know and believe about river systems]:

Materials and Instruction: [Students work in pairs with crayons and large butcher block paper.  Also have available for each pair one small toy boat no larger than a toy matchbox car that they can place on the paper.]

Instructions to students:  

“On your sheet of paper, draw a picture of a river that allows a scale of about 10 miles from one end of the paper to the other.   Indicate the direction of flow with a few arrows, and label the compass directions as well.  When you have finished, imagine you are paddling the boat upstream starting from the most downstream location on your picture and finishing at the most upstream part of your picture.  Discuss and demonstrate the route you would paddle the boat so that you could move upstream as quickly and easily as possible.”  [Note:  Allow about 15 - 20 minutes for this activity.  Circulate through the room to monitor and inquire about student strategies.]

Possible Questions to Pose to Students:

How long is your river?

How wide is your river?

Why did you place north, south, east, and west the way that you did?  Could you have drawn these differently?  Would it be correct if you had?

Why does the river flow in the direction that you indicated?  Could it flow in the reverse direction?  Why or why not?

Why does the river have the shape you gave it?  Is there anything that would cause the river to be shaped that way?

Do you imagine that your river looked like this always?  Could it?  What, if anything, might change the shape of your river?

Is the current the same anywhere and everywhere on your river?  Where is it faster or slower and why?  Where would you direct your boat so that you can paddle it the fastest with the least amount of effort?  Why this particular route?

 Invention:  [The section of the lesson where students learn the concepts and the scientific language for the concepts that define the science content]

Instruction:  Having already identified those students whose illustrations make for excellent discussion, ask them beforehand to share their drawing and their reasons for their drawing with the class and at the front of the class.  They may do this together as a pair and with at least five minutes advance warning.  At the end of each presentation ask the class if they have any questions for the presenters.  Then have the students demonstrate how they intend to paddle their boat to move them the fastest with the least amount of effort.

After three or four pairs have shared their illustrations, ask if there are any other volunteers from the class who would also like to share.  Again ask for questions from the class.  Without giving any indication about whose illustrations are best or better, ask students to read in their text the sections about river systems [sample included here].  They should follow their reading with a paired discussion about the illustrations they drew, how they would change them, and how they would answer the questions on the overhead [placed on the overhead again].  

There will also be discussion and questions regarding the reading itself.

Sample Reading: 

Sager, R.J.; Ramsey, W.L.; Phillips, C.R.; Watenpaugh, F.M., (1998). Modern Earth Science. New York: Holt, Rinehart and Winston, 250-251.  

13.2 River Systems

Stages of a River System

As a river erodes its banks and bed, it changes the landforms it passes through and alters its own course.  The development of a river system is divided into three stages --- youthful, mature, and old.  These stages are not based on the actual age of the river but on its shape and how it erodes the land.  The time required for a river to pass through each of these stages depends on the composition and structure of the rock through which the river flows.

Youthful Rivers

In its youthful, or early stage, a stream usually erodes its bed more rapidly than it erodes its banks.  This produces a V-shaped valley with steep sides, like the one shown in Figure 13-6.  Waterfalls and rapids are common features of youthful streams.  These features are especially common in stream channels cut into hard rock, because the rock resists erosion.


Youthful rivers usually have relatively few tributaries.  For this reason, a youthful river usually carries a small volume of water.  Much of the precipitation falling on the watershed of a youthful river system does not reach the main stream because so few tributaries have developed.  Instead, much of the precipitation may form lakes at high elevations.

Mature Rivers

A mature river, by comparison, has well-established tributaries.  It drains its watershed effectively.  Because of good drainage and many tributaries, a mature river can carry a larger volume of water than a youthful river can carry.  A mature river, however, tends not to deepen its channel as much as a youthful stream does.  Instead, erosion occurs mostly along the valley walls when the river overflows its banks and covers the valley floor.  A mature-river channel usually occupies only a small part of the wide and relatively flat valley floor that it produces.  Most of the waterfalls and rapids that existed during the youthful state of a mature river have disappeared.  The gradient also has become less steep.


A mature stream with a low gradient tends to curve back and forth across the flat valley floor.  A slight bend in the stream channel usually becomes a wider curve, because the water flows fastest around the outside edge of the curve.  The faster-flowing water erodes the outside bank of the curve more quickly than the slower moving water erodes the inner bank.  The slower-moving water often deposits sediments along the inner bank.  This process enlarges the curve and shifts the stream channel toward the outside bank.  Generally, a series of these wide curves, called meanders, form across the valley floor.


Frequently, a meander becomes so curved that it almost forms a loop, separated by only a narrow neck of land.  When the river eventually cuts across this neck, it deposits sediments at both ends of the meander and eventually abandons it.  The meander is thus isolated from the river, as shown in Figure 13-7.  If the water remains in the abandoned meander, an oxbow lake is formed.

Old Rivers

As a river continues to age, its gradient and velocity decrease.  The stream no longer erodes the land; instead, it begins to deposit its sediments in its own channel and on its banks.  A broad, flat plain is formed.  More meanders develop, and there are fewer tributaries, as smaller tributaries merge and become larger.  How do you think the drainage of an old river compares with the drainage of a mature river?

Rejuvenated Rivers

Any movement of the earth’s crust that increases the slope of the land will change the gradient of existing streams.  A rejuvenated river is one whose gradient has become steeper in this way.  The increased gradient of a rejuvenated river allows the river to cut more deeply into the valley floor.  Rejuvenation often results in the formation of steplike terraces on both sides of a stream valley.  These terraces provide evidence that the valley floor has been uplifted and a new floor has been cut through.  There are many terraces along the Mississippi River.

Discovery: [the section of the lesson where the students’ understanding is challenged with questions that apply the concepts or confront the concepts with compelling and credible arguments from misconceptions on the topic]

Activity:  [Keeping students in pairs]  Have students revisit their previous illustration and reassess which route they would select for their boat paddle.  Also, describe what a flow vector is and have them draw many of them on their illustrations (note: a flow vector is an arrow whose length represents the speed of the water at that location and direction it is pointing represents the direction of water flow at that point).  Then ask students to demonstrate the path of the boat upstream and to relate the path taken to the flow vectors drawn.  Finally, ask students to locate places on the river where they would choose to fish, where they would build a house and a dock for their boat, where they would consider buying land and where they would not, where they would choose to plant a garden, where they would look for a place to gather sand for a concrete company, etc.

The activity described above could be continued as homework.

Computer Research Project and Assessment:

Students may also demonstrate their knowledge of rivers by joining with their partners to identify at least five major world rivers, print images of them, and discuss their respective stages and aspects of human development and activity along the rivers.  They should write a brief report about what they find and how it is related to what they learned about rivers.  Guiding questions may be generated with the students in class prior to the activity.

The images students identify may later be used as an assessment of the concepts of instruction.  Project the image and ask students to write descriptions of the type of river, its age, and to describe their observations that support their conjectures (note, students may be permitted to have an open-book assessment so that they may reference their texts and notes for this activity).  This assessment may be written individually and handed forward.  Students may follow up with pair work to discuss their answers, rewrite their solutions, and share these with one other pair before making their final revisions to be handed in a second time.  Finally, there will be a class discussion on the images displayed and student explanations.

